Cell lines from polyoma-induced hamster tumors exhibit a fully transformed phenotype despite the absence of the 105K (105,000-dalton) form of polyoma Tantigen.
Evaluation in tissue culture of cells which have undergone oncogenic transformation has contributed greatly to our understanding of malignancy. Cell lines which are available for such analysis have been derived from animal tumors or by the in vitro transformation of cells already in tissue culture. Some time ago, it was recognized that the altered growth properties displayed in tissue culture by papovavirus-transformed cells included a broad spectrum of phenotypes (21) . A number of different assays have been employed to establish criteria by which such phenotypes could be quantitated and compared (20) . Remarkably, cells which are "transformed" by some criteria may often not be "transformed" by other criteria (18, 19) . For the most part, cell lines which have been systematically studied were established by the in vitro transformation of fibroblasts. Although it has generally been assumed that cell lines established in culture from virus-induced tumors possess a "fully transformed" phenotype, there is little experimental evidence to support this hypothesis. In The production of detectable plasminogen activator by tumor cells is an important biochemical correlate of oncogenic transformation (12) . The presence of such proteases may be related to the cytoskeleton disruptions typical of transformed cells (13) and correlates well with the growth of such cells in agar (14, 15) . We have examined several mass cultures from tumor tissue, as well as cell lines which had been cloned from these cultures by dilution in microtiter plates, for the presence of plasminogen activator, disruption of cytoskeleton organization, and growth without anchorage in agar (Tables 1, 2 , and 3). All of the cell lines studied have been previously examined and found to contain PY DNA sequences (11; our unpublished data) and proteins specifically immunoprecipitated by anti-PY tumor serum (10; our unpublished data).
Though only one of the tumor cell lines, PYT-54, examined in this report contains the 105K PY T-antigen (10) , all of the cell lines contain the middle and small forms of PY T-antigen. Interestingly, using a previously described Formalin fixation technique (6), we have recently been able to detect intense nuclear fluorescence in the nuclei of cells from all PY tumor cell lines (our unpublished data) evaluated with our standard anti-PY T-antigen tumor sera (10) . Although we do not know which of the viral antigens are responsible for this nuclear fluorescence, it is unlikely that it is caused solely by truncated forms of PY large T-antigen, since we have been unable to identify such proteins in several of the cell lines evaluated in this paper.
We could detect no significant differences in any of the phenotypic characteristics examined plasminogen activator production, dissociated actin cables, and avid anchorage-independent growth, the variation among several lines induced by either PY virus or PY DNA was as great as the variation between these two types of cells. Furthermore, in almost every case examined, the cloned lines expressed these various phenotypic characteristics more intensely than did the mass cultures from which these lines were derived. Since each of the mass cultures had been passaged in tissue culture before evaluation, this finding suggests that the cloning of cell lines by dilution techniques may select for a more extreme phenotype than that observed upon examination of the total tumor cell population.
To examine further the growth properties of these cell lines, we examined their ability to form tumors in weanling hamsters. As indicated by the number of cells required to produce a tumor in 50% of the animals inoculated (TPDso), all of the lines examined were highly oncogenic in animals (Table 4) . Furthermore, the oncogenic potential of these lines was not significantly different whether the line had been established from a hamster tumor induced by virus (PYT-54), PY DNA I (PTL 1-1 We have entertained a number of hypotheses to explain the enhanced tumorigenic potential of PY DNA which has been disrupted by enzymatic cleavage in the distal portion of the early region (9, 10) . Amongst these was the possibility that cells transformed by such altered DNA substrates would be incapable of synthesizing the PY tumor-specific transplantation antigen (TSTA) and thereby escape immunosurveillance. Hoping to correlate the enhanced tumorigenic potential of such cleaved PY DNA with the TSTA activity present in cell lines from such tumors, we compared the TSTA present in cell lines established from tumors induced by PY virus (PYT-54), PY DNA I (PTL 1-1), and EcoRI + S1 PY DNA (PTL 9-2). The data presented in this study would suggest that although several patterns of alterations in cellular growth properties may be observed in in vitro-transformed cells (3, (18) (19) (20) , tumor cell lines display a remarkable similarity in their expression of the transformed phenotype. It is unknown whether the "fully transformed" phenotype which we observe in these tumor cell lines is a "final common cell type" which arose through progressive steps in a pathway along which the transformed state develops or if it is one of several phenotypes which occur after oncogenic transformation and is selected for on the basis of its unique ability to lead to tumor formation. Our finding that expression of various phenotypic characteristics of transformation were less intense in mass cultures of tumor tissue than in cell lines cloned from these cultures suggests that virus-induced tumors are not biologically homogeneous populations. If such tumors consist of several subpopulations, it would be important to know the phenotype of these cells and how they interact within the tumor tissue.
Expression ofthe fully transformed phenotype in tumor cells from PY-induced tumors lacking the large T-antigen confirms and extends previous genetic studies which indicated that the PY a-gene function was not required for maintenance of transformation in cells transformed in vitro (1) (2) (3) (4) (5) 22) . Furthermore, these studies clearly exclude a function for the distal part of PY large T-antigen in the maintenance of any aspect of the in vitro-transformed state. The contributions made by the PY small T-, middle T-, and proximal fragments of large T-antigens in oncogenic transformation remain to be sorted out by the appropriate genetic (6) and biochemical tests.
